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DEVICE INTEGRATED ANTENNA FOR USE
IN RESONANT AND NON-RESONANT
MODES AND METHOD

RELATED APPLICATION

The present application 1s a Continuation in Part of U.S.
patent application Ser. No. 09/860,988, entitled METAL-

OXIDE ELECTRON TUNNELING DEVICE FOR SOLAR
ENERGY CONVERSION, filed on May 21, 2001 which 1s

incorporated herein by reference 1n its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

The United States Government has rights in this invention
pursuant to a contract awarded by a U.S. mtelligency
community organization.

BACKGROUND OF THE INVENTION

The present invention relates generally to arrangements
for receiving and emanating electromagnetic signals and,

more particularly, to a device integrated antenna arrange-
ment which 1s usable 1n resonant and non-resonant modes.

Recent energy crises have highlighted the growing
demands placed on traditional sources of power, such as gas
and electricity. With rising energy costs, it 1s desirable to find
alternative power sources to augment traditional power
sources such as hydroelectric and thermonuclear. Solar
energy conversion provides such an alternative by tapping
into the readily available power of the sun.

One of the main obstacles preventing the proliferation of
solar energy conversion systems 1s efficiency. Currently
available semiconductor solar cell systems are not able to
provide the amount of power for the dollar that 1s possible
by traditional power sources. Especially semiconductor
solar cells with high energy conversion efficiency (ratio of
incident solar power to electrical power out) are expensive.
Most solar cell systems are based on semiconductor
technology, which can be difficult to scale to the size
required for large solar panels. Using the present technology,
it 1s expensive to fabricate a semiconductor-based solar
panel which 1s large enough to replace the traditional sources
of power. Moreover, semiconductor devices are generally
single bandgap energy devices. This characteristic of semi-
conductor devices means that no current 1s produced when
a photon having energy less than the bandgap energy is
incident on the semiconductor device and, when a photon
having energy greater than the bandgap energy 1s incident on
the semiconductor device, only current corresponding to the
bandgap energy 1s produced 1n the semiconductor device. In
other words, the response of the semiconductor device is
limited by the bandgap energy. Thus, the semiconductor
device does not respond at all to photons having energy less
than the bandgap energy, and incident electromagnetic
energy 1n excess ol the bandgap energy 1s wasted in the
energy conversion. Therefore, the energy conversion effi-
ciency of the semiconductor device 1s low, on the order of
25% or less. Therefore, 1t would be desirable to achieve
cilective solar energy conversion using materials other than
semiconductors.

One possible alternative to semiconductors 1s the use of a
metal-insulator-metal (MIM) configurations™°. The MIM
confliguration 1s relatively inexpensive to manufacture in
comparison to semiconductor-based systems. The native
oxides of the metals are generally used as the insulator
materials, therefore the MIM configuration 1s straightfor-
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2

ward to fabricate. Efforts have been made even as recently
as 1998 (See Ref. 6) to improve the characteristics of MIM
devices, without substantially modifying the basic MIM
conilguration. Recent research in this area include efforts to
use the MIM configuration to potentially provide devices
capable of detecting and mixing signals at optical frequen-

cies at optical communications wavelengths.

Turning now to the drawings, wherein like components
are 1ndicated by like reference numbers throughout the
various figures, attention i1s immediately directed to FIGS.
1A-1E. FIGS. 1A-1E 1illustrate the operation of an MIM
device for reference purposes. As a simplified configuration,
an MIM device 1s illustrated in FIG. 1A. The MIM device,
cgenerally indicated by reference number 10, includes first
and second metal layers 12 and 14, respectively, with an
insulator layer 16 positioned therebetween. A corresponding
energy band profile 20 1s shown 1n FIG. 1B. Energy band
proiile 20 represents height of the Fermi level 1n the metals
and the height of the conduction band edge 1n the insulator
(y-axis 22) as a function of distance (x-axis 24) through
MIM device 10 in the absence of provided voltage across the
device. FIG. 1C 1llustrates a first modified energy band
proiile 30 when a voltage 1s provided in a reverse direction
to MIM device 10. The voltage may be provided by, for
example, an applied external voltage or an 1induced voltage
due to the incidence of electromagnetic energy. In this case,
tunneling of the electrons (not shown) can occur in a reverse
direction, represented by an arrow 36. In contrast, as shown
in FIG. 1D, when a voltage 1s provided mm a forward
direction to MIM device 10, a second modified energy band
proiile 40 results. In the case of the situation shown in FIG.
1D, tunneling of the electrons can again occur but 1n a
forward direction, represented by an arrow 46. FIG. 1E
illustrates a typical I-V curve 50 of current (y-axis 52) as a
function of voltage (x-axis 54) for MIM device 10. I-V
curve 50 demonstrates that the MIM device functions as a
rectifying element. An MIM device provides rectification
and energy detection/conversion by tunneling of electrons
between first and second metal layers 12 and 14.

Conftinuing to refer to FIGS. 1A—1E, 1n energy conversion
applications, it 1s further desirable to achieve high degrees of
asymmetry and nonlinearity and sufficiently high current
magnitudes in the current-to-voltage performance (I-V
curve). If the current magnitude is too low, the incident
clectromagnetic energy will not be collected with high
eficiency. The required current magnitude 1s a function of
the MIM device geometry, dielectric properties of the oxide,
and the size and number of the incident electromagnetic
energy quanta. A higher degree of asymmetry in the I-V
curve between positive values of V (forward bias voltage)
and negative values of V (reverse bias voltage) about the
operating point results in better rectification performance of
the device. In addition, the differential resistance of the
device, which influences the responsivity and coupling
eficiency of the device to incoming electromagnetic energy,
1s directly related to the nonlinearity of the I-V curve. An
optimal value of differential resistance 1s required to 1mped-
ance match the MIM device to the antenna resulting in
maximum power transier to the device. The differential
resistance of MIM devices are often too large for energy
conversion applications and, consequently, 1t 1s desirable to
lower differential resistance values 1n order to 1mpedance
match the antenna. In other words, 1n solar energy conver-
sion applications, it 1s preferable to have a higher degree of
nonlinearity in the I-V curve and optimal value of differ-
ential resistance 1n the device, thus yielding higher sensi-
tivity of the device to mmcoming solar energy. As a result,
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high degrees of asymmetry and nonlinearity in the current-
to-voltage characteristics of the device yields high efficiency
in the energy conversion process. Currently available MIM
devices are not able to provide sufficiently high degrees of
asymmetry and nonlinearity with sufficiently low differential
resistance 1n the current-to-voltage performance, hence the
energy conversion elficiency of MIM devices 1s low.

A known alternative to the simple MIM device 1s a device
with additional metal and insulator layers, as demonstrated
by Suemasu, et al. (Suemasu)’ and Asada, et al. (Asada).®
The devices of Suemasu and Asada have the configuration of
MIMIMIM, in which the three 1nsulator layers between the
outer metal layers act as a triple-barrier structure. The
insulator layers are crystalline mnsulator layers formed by an
epitaxial growth procedure detailed in Ref. 7. The presence
of the barriers between the outer metal layers result in
resonant tunneling of the electrons between the outer metal
layers under the appropriate bias voltage conditions, as
opposed to simple, tunneling of the MIM device. The
resonant tunneling mechanism in the electron transport
yields increased asymmetry and nonlinearity and reduced
differential resistance values for the MIMIMIM device. The
resonance tunneling also results 1n a characteristic resonance
peak 1n the current-voltage curve of the device, which yields
a region of negative differential resistance and leads to the
possibility of optical devices with very fast responses and
high efficiency.

However, the MIMIMIM devices of Suemasu and Asada
have the distinct disadvantage of being a much more com-
plicated device than the simple MIM device. The fabrication
procedure of Suemasu includes the deposition of cobalt,
silicon and calcium fluoride to form alternating layers of
CoS1, and CaF,. These rather exotic layer materials were
chosen due to the crystalline lattice matching constraints
inherent 1n the epitaxial growth procedure. Several of the
difficulties 1n the fabrication procedure, such as the problem
with agglomeration of cobalt on the CaF, layer as well as the
multiple photolithography and selective etching steps
required to form the final device after the MIMIMIM layers
have been grown, are described mn Ref. 7. Suemasu also
contends that the use of a triple-barrier structure, rather than
a slightly simpler double-barrier structure, 1s necessary 1n
order to achieve negative differential resistance resulting
from resonant tunneling using only metal and 1nsulator layer
combinations, thus avoiding the use of semiconductor mate-
rials. In addition, Suemasu requires that the thickness of the
individual metal and insulator layers must be strictly con-
trolled to the atomic layer level in order to achieve the
resonance tunneling effect. Therefore, although the goal of
increased nonlinearity and asymmetry may be achieved in
the MIMIMIM devices of Suemasu and Asada using metal
and 1nsulator combinations, the simplicity of the MIM
structure 1s lost.

An alternative device structure that has been suggested to
achieve resonant tunneling in semiconductor devices 1s the
use of two adjacent insulator layers between two semicon-
ductor layers, resulting in a semiconductor-insulator-
insulator-semiconductor (SIIS) structure described by Papp,
et al. (Papp).” Papp describes a theoretical SIIS structure, in
which the two crystalline insulator layers are formed of two
different insulator materials by crystal growth techniques.
The SIIS structure 1s said to yield a resonant tunneling effect
with negative differential resistance, increased nonlinearity
and asymmetry as well as negative differential resistance,
similar to that shown in the aforedescribed MIMIMIM
devices of Suemasu and Asada, although an actual SIIS
structure has not yet been implemented, to the Applicants’
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knowledge. Current crystal growth techniques theoretically
enable the implementation of the SIIS structure, but an SIIS
device would still embody the drawbacks inherent 1n semi-
conductor materials, namely cost efficiency 1n large arca

devices. In addition, Suemasu (see Ref. 7) speculates that the
recent trend of decreasing the size of electronic devices in
order to achieve high speed switching will make
semiconductor-based devices impractical due to fluctuation
of carrier concentration, which occurs when semiconductor
devices are reduced to mesoscopic regimes.

The energy which 1s detected and converted by the MIM
diode can be delivered to the diode by means of an antenna
as described by Fumeaux et. al. in [6]. The antennas used at
infrared frequencies are typically planar since they are
fabricated using semiconductor fabrication techniques such
as metal evaporation and patterning. The bowtie antenna, 1n
particular, 1s a popularly used antenna for infrared detectors
since 1t 1s broadband and less susceptible to fabrication
tolerances than a dipole antenna. The detected signal is
extracted from the diode by using low frequency leads. In
previous work, low frequency leads have been connected
across the bowtie antenna center terminals where the diode
1s connected, or across the entirety of the outermost edges of
the antenna arms. The former, which will be referred to as
the center-fed arrangement 1s presented by Fumeaux et. al.
|6]. The latter edge-fed arrangement is shown in one paper
by Rutledge and Muha et. al. [10] as well as in another paper
by Rutledge et al. [11]. As will be described at appropriate
points below, the present mvention recognizes certain prob-
lems with both the center-fed arrangement and the edge-fed
arrangement which are thought to be unresolved by the prior
art.

As will be seen hereinafter, the present invention provides
a significant 1improvement over the prior art as discussed
above by virtue of its ability to provide the increased
performance while, at the same time, having significant
advantages 1n 1ts manufacturability. This assertion is true for
clectromagnetic devices generally, which take advantage of
the present mvention, as well as solar energy conversion
devices 1n particular. Moreover, certain problems relating to
prior art center-fed and edge-fed configurations are thought
to be resolved.
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SUMMARY OF THE INVENTION

As will be described 1n more detail heremnafter, there 1s
disclosed herein an electron tunneling device including first
and second non-msulating layers. The first and second
non-insulating layers are spaced apart from one another such
that a given voltage can be provided across the first and
second non-insulating layers, either by an applied external
bias voltage or, for example by an induced voltage due to the

incidence of solar energy without an applied voltage or both.
The electron tunneling device further includes an arrange-
ment disposed between the first and second non-insulating
layers and configured to serve as a transport of electrons
between the first and second non-insulating layers. This
arrangement 1ncludes a first layer of an amorphous material
coniigured such that using only the first layer of the amor-
phous material in the arrangement would result 1n a given
value of a first parameter 1n the transport of electrons, with
respect to the given voltage. However, in accordance with
one aspect of the invention, the arrangement includes a
second layer of material, which second layer 1s configured to
cooperate with the first layer of amorphous material such
that the transport of electrons includes, at least 1n part,
transport by a mechanism of tunneling, and such that the first
parameter, with respect to the given voltage, 1s increased
over and above the given value of the first parameter. The
first parameter 1s, for example, nonlinearity or asymmetry in
the electron transport.

In another aspect of the invention, the first layer of
amorphous material, 1f used alone in the arrangement of the
electron tunneling device, would result in a given value of
a second parameter 1n the transport of electrons, with respect
to the given voltage, but the second layer of material 1s also
configured to cooperate with the first layer of amorphous
material such that second parameter 1n the transport of
clectrons, with respect to the given voltage, 1s reduced below
the given value of the second parameter. The second param-
cter 1s, for example, differential resistance.

In yet another aspect of the invention, a device for
converting solar energy incident thereon into electrical
energy 1s described. The device has an output and provides
the electrical energy at the output. The device includes first
and second non-insulating layers spaced apart from one
another such that a given voltage can be provided across the
first and second non-insulating layers. The device also
includes an arrangement disposed between the first and
second noninsulating layers and configured to serve as a
transport of electrons between the first and second non-
insulating layers. The arrangement includes a first layer of
an amorphous material. The arrangement also includes a
second layer of material configured to cooperate with the
first layer of the amorphous material such that the transport
of electrons includes, at least in part, transport by a mecha-
nism of tunneling, and such that the solar energy incident on
the first and second non-insulating layers, at least in part, 1s
extractable as electrical energy at the output.

10

15

20

25

30

35

40

45

50

55

60

65

6

In a further aspect of the present invention, an assembly
includes a device configured for receiving at least one 1nput
to produce an output responsive thereto. An antenna
arrangement supports the device to transfer the input to the
device and further to transter the output from the device such
that the antenna arrangement supports a selected one of the
input and the output as a high frequency current and the
antenna arrangement includes a peripheral configuration
which confines the high frequency current to at least one
dominant path within the antenna arrangement so that the
high frequency current oscillates in the dominant path and so
that the other one of the input and the output 1s a lower
frequency signal that 1s present at least generally throughout
the antenna arrangement. At least one port, within the
antenna arrangement, 1s positioned sufficiently away from
the dominant path so as to 1solate the lower frequency signal
at the port from the high frequency current in the dominant
path.

In a continuing aspect of the present invention, an assem-
bly includes a device configured for receiving at least one
input to produce an output responsive thereto. An antenna
arrangement supports the device to transfer the input to the
device and further to transter the output from the device such
that the antenna arrangement supports a selected one of the
input and the output as a high frequency current and the
antenna arrangement includes a peripheral configuration
which confines the high frequency current to at least one
dominant path within the antenna arrangement and the other
one of the mput and the output 1s a lower frequency signal
that 1s present at least generally throughout the antenna
arrangement. At least one port, within the antenna
arrangement, at a location selected such that the high fre-
quency current travels past the port 1n at least one direction
that 1s away from the device, and the port i1s positioned
sufficiently away from the dominant path so as to 1solate the
lower frequency signal at the port from the high frequency
current 1n the dominant path.

In an additional aspect of the present invention, an assem-
bly includes a device configured for receiving at least one
input to produce an output responsive thereto. An antenna
arrangement supports the device to transfer the input to the
device and further to transtfer the output from the device such
that the antenna arrangement supports a selected one of the
input and the output as a high frequency current and the
antenna arrangement includes a peripheral configuration
which confines the high frequency current to at least one
resonant path within the antenna arrangement so that the
high frequency current oscillates in the resonant path
between a pair of opposing first and second reflector con-
figurations that are formed as part of the peripheral outline
and so that the other one of the input and the output 1s a
lower frequency signal that 1s present at least generally
throughout the antenna arrangement. At least one port,
within the antenna arrangement, which port 1s positioned
sufliciently away from each one of the first and second
reflector configurations so as to sustain reflection of the
surface current 1n the resonant path while conducting the
lower frequency signal.

In another aspect of the present invention, an assembly
includes a device configured for receiving at least one 1nput
to produce an output responsive thereto. An antenna
arrangement 1ncludes a bowtie peripheral configuration
defining a bowtie intersection for supporting the device at
the bowtie intersection to transfer the input to the device and
further to transfer the output from the device such that the
antenna arrangement supports a selected one of the input and
the output as a high frequency current and the bowtie
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peripheral configuration confines the high frequency current
to at least one dominant path within the antenna arrangement
so that the high frequency current oscillates in the dominant
path traveling through the bowtie intersection and so that the
other one of the 1nput and the output 1s a lower frequency
signal that 1s present at least generally throughout the
antenna arrangement. At least one port, within the antenna
arrangement, 1s positioned spaced apart from the bowtie
intersection and sufficiently away from the dominant path or
paths so as to 1solate the lower frequency signal at the port
from the high frequency current in the dominant path.

In a related feature, an assembly produced 1n accordance
with the present mnvention may be configured for operation
in any one of a modulation mode, a mixing mode, a
detection mode and an emitting mode dependent upon the
type of active device that forms part of the assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be understood by reference to
the following detailed description taken 1n conjunction with
the drawings briefly described below.

FIG. 1A 1s a diagrammatic 1llustration of a prior art device
using a metal-insulator-metal (MIM) configuration.

FIGS. 1B—1D are graphs illustrating the schematic energy
band profiles of the MIM device of FIG. 1A for various

voltages provided across the MIM device.

FIG. 1E 1s a graph of atypical current-voltage curve for
the MIM device of FIG. 1A.

FIG. 2A 1s a diagrammatic 1illustration of an electron
tunneling device designed 1n accordance with the present
invention.

FIGS. 2B-2D are graphs 1llustrating the schematic energy
band profiles of the electron tunneling device of FIG. 2A for
various voltages provided across the electron tunneling
device.

FIG. 2E 1s a graph of a typical current-voltage curve for
the electron tunneling device of FIG. 2A.

FIG. 3A 1s a diagrammatic top view of a device for
converting solar energy incident thereon into electrical
energy, designed in accordance with the present mnvention,
shown here to illustrate a possible configuration of metal
layers of the device.

FIG. 3B 1s a cross sectional view of the device of FIG. 3A,
shown here to 1llustrate additional structure positioned
between the metal layers of the device.

FIG. 4 1s a diagrammatic illustration of an electron
tunneling device of the present invention including a super-
lattice structure.

FIG. 5 1s a diagrammatic illustration, 1n plan view, of a
device integrated antenna assembly of the present invention,
shown here to 1illustrate a resonant bowtie configuration
having outermost ends including cooperating. reflection
segments and outset ports.

FIG. 6A 1s a diagrammatic illustration, 1n plan view, of a
device integrated antenna assembly of the present invention,
shown here to 1llustrate a resonant bowtie coniiguration
having outermost ends including cooperating reflection seg-
ments and inset ports.

FIG. 6B 1s a diagrammatic illustration, i plan view, of
one of the bow arms of the antenna of FIG. 6 A, shown here
to 1llustrate details with regard to design considerations in
relation to the dominant paths defined by the antenna.

FIG. 7 1s a diagrammatic illustration, 1n plan view, of a
device integrated antenna assembly of the present invention,
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shown here to 1llustrate a non-resonant bowtie configuration
having outermost ends including cooperating reflection seg-
ments and inset ports.

DETAILED DESCRIPTION

The following description 1s presented to enable one of
ordinary skill 1n the art to make and use the mvention and 1is
provided 1n the context of a patent application and its
requirements. Various modifications to the described
embodiments will be readily apparent to those skilled i the
art and the generic principles herein may be applied to other
embodiments. Thus, the present 1nvention 1s not intended to
be limited to the embodiment shown but 1s to be accorded
the widest scope consistent with the principles and features
described herein.

Referring now to FIG. 2A, an electron tunneling device
designed 1n accordance with the present invention i1s
described. The electron tunneling device, generally indi-
cated by reference number 110, includes a first non-
insulating layer 112 and a second non-insulating layer 114.
Non-insulating materials include, for example, metals,
superconductors, semiconductors, semimetals, quantum
wells and superlattice structures. First non-insulating layer
112 and second non-insulating layer 114 can be formed, for
example, of two different metals, such as chromium and
aluminum, by conventional methods such as, but not limited
to, thermal evaporation and sputtering. First non-insulating
layer 112 and second non-insulating layer 114 are spaced
apart such that a given voltage can be provided therebe-
tween. The given voltage can be, for 1instance, a bias voltage
from an external voltage source (not shown) that is directly
applied to the first and second non-insulating layers.
Alternatively, as will be seen, the given voltage can be
induced by, for example, solar energy. Furthermore, the
given voltage can be a combination of induced voltage (from
incident electromagnetic radiation, for example) and an
applied external bias voltage.

Continuing to refer to FIG. 2A, a first amorphous layer
116 1s disposed between first non-insulating layer 112 and
second non-insulating layer 114. For purposes of this
application, an amorphous material 1s considered to mclude
all materials which are not single crystal 1n structure. First
amorphous layer 116 can be, for example, a native oxide of
first non-insulating layer 112. For instance, if a layer of
chromium 1s used as first non-insulating layer 112, the layer
of chromium can be oxidized to form a layer of chromium
oxide to serve as first amorphous layer 116. Other suitable
materials include, but are not limited to, silicon dioxide,
niobium oxide, titanium oxide, aluminum oxide, zirconium
oxide, tantalum oxide, hatnium oxide, yttrium oxide, mag-
nesium oxide, silicon nitride and aluminum nitride. Electron
tunneling device 110 further includes a second layer 118
positioned between first non-msulating layer 112 and second
non-msulating layer 114. Second layer 118 is formed of a
predetermined material, which 1s different from first amor-
phous layer 116 and 1s configured to cooperate with first
amorphous layer 116 such that first amorphous layer and
second layer 118 serve as a transport of electrons between
the first and second non-insulating layers. The predeter-
mined material, which forms second layer 118, can be, for
example, an amorphous 1nsulator such as, but not limited to,
chromium oxide, silicon dioxide, niobium oxide, titanium
oxide, aluminum oxide, zirconium oxide, tantalum oxide,
hafnium oxide, yttrium oxide, magnestum oxide, silicon
nitride, aluminum nitride and a simple air or vacuum gap.
Preferably, second layer 118 1s formed of a material having
a lower or higher work function than that of first amorphous
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layer such that the device exhibits an asymmetry 1n the
energy band diagram.

Had the device consisted of only the first and second
non-insulating layers and the first amorphous layer, the
device would be essentially equivalent to the prior art MIM
device and would exhibit a given degree of nonlinearity,
asymmetry and differential resistance in the transport of
clectrons. However, the inclusion of second layer 118,
surprising and unexpectedly, results 1n increased degrees of
nonlinearity and asymmetry over and above the given
degree of nonlinearity and asymmetry while the differential
resistance 1s reduced, with respect to the given voltage. This
increase 1n the nonlinearity and asymmetry and reduction in
differential resistance i1s achieved without resorting to the
use of epitaxial growth techniques or crystalline layers of the
atoredescribed prior art. The mechanism of this increase 1s
described 1mmediately hereinafter 1 reference to FIGS.

2B-2E.

Referring to FIG. 2B in conjunction with FIGS. 1B and
2A, a schematic of a energy band profile 120 corresponding,
to electron tunneling device 110 1s 1llustrated. Energy band
proiile 120 includes four regions corresponding to the four
layers of electron tunneling device 110, 1n comparison to the
three regions shown 1n energy band profiile 20 of the prior art
MIM device. The presence of second layer 118 contributes
to the change 1n the energy band profile of electron tunneling

device 110.

Turning now to FIGS. 2C and 2D 1n conjunction with
FIGS. 1C and 1D, the changes 1n the energy band profile due
to voltage application are shown. During reverse bias opera-
tion of electron tunneling device 110, the energy band profile
changes to that shown as line 130, which 1s relatively stmilar
to the case of reverse bias operation shown 1 FIG. 1C for
the MIM device. In the situation shown 1n FIG. 2C, the
primary mechanism by which electrons travel between the
first and second non-insulating layers 1s tunneling 1n a
reverse direction indicated by an arrow 136. When a forward
bias voltage 1s provided, however, a modified energy band
proiile 140 of FIG. 2D results. In this case, tunneling occurs
in paths 146 and 146, but there now exists a quantum well
region through which resonant tunneling occurs, as shown
by arrow 148. In the region of resonant tunneling, the ease
of transport of electrons suddenly increase, therefore result-
ing 1n 1ncreased current between the non-insulating layers of
clectron tunneling device 110.

Continuing to refer to FIG. 2D, the addition of second
layer 118 provides a path for electrons to travel through the
device by a resonant tunneling rather than the tunneling
process of the prior art MIM device. As a result, more
current flows between the non-insulating layers of electron
tunneling device 110, as compared to the MIM device, when
a positive voltage 1s provided while the current flow with a
negative voltage provided to the electron tunneling device of
the present invention. The presence of resonant tunneling in
clectron tunneling device 110 therefore results 1n 1ncreased

nonlinearity and asymmetry in comparison to the prior art
MIM device.

A typical I-V curve 150 corresponding to electron tun-
neling device 110 1s shown 1 FIG. 2E. I-V curve 150
demonstrates that electron tunneling device 110 functions as
a diode, where the diode 1s defined as a two-terminal
electronic element. Furthermore, -V curve 150 1s shown to
include a resonance peak 156 corresponding to the provided
voltage region 1 which resonant tunneling occurs. The
appearance of resonant tunneling in actually fabricated
devices of the present invention depends on the precision of
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the fabrication process. Even when resonance peak 156 1is
not present, I-V curve 150 exhibits a higher degree of
asymmetry and nonlinearity in comparison to the I-V curve

of the prior art MIM device (as shown in FIG. 1E). In other
words, while the presence of a resonance peak 1n the -V
curve of an electron tunneling device of the present inven-
tion may lead to additional advantages 1in certain
applications, such as greatly increased nonlinearity around
the resonance peak, the electron tunneling device of the
present invention achieves the goal of increased asymmetry
and nonlinearity with reduced differential resistance in the
current-to-voltage performance even when the averaging
cifect of the amorphous layer “washes out” the resonance
peak. Therefore, electron tunneling device 110 essentially
includes all of the advantages of the prior art MIMIMIM
device, without the complicated fabrication procedure and
the use of exotic materials, and all of the advantages of the
prior art SIIS device, without the drawbacks of the use of
semiconductor materials as described above. Despite and
contrary to the teachings of Suemasu, the electron tunneling
device of the present imnvention 1s able to achieve increased
nonlinearity and asymmetry and decreased differential resis-
tance 1n the transport of electrons through the device, using
readily available metals and 1nsulators in a simple structure
that 1s simply manufactured compared to the more complex
manufacturing processes of the prior art.

It 1s emphasized that the electron tunneling device of the
present invention combines the simplicity of the MIM
device with the performance characteristics of the MIM-
IMIM devices of Suemasu and Asada while using readily
available materials and avoiding the use of semiconductors.
Although superficially stmilar to the SIIS device 1n structure
at first glance due to the presence of two adjacent insulator
layers, the addition of second layer 118 in electron tunneling
device 110 1s not easily accomplished due to fundamental
differences 1n the fabrication procedure (crystal growth and
doping techniques in the semiconductor devices versus the
oxidation and deposition techniques used in the present
invention). In fact, Suemasu and Asada resort to the more
complex MIMIMIM structure formed by epitaxial growth
techniques 1n order to achieve the same resonant tunneling
cffect. The crystalline growth and epitaxial growth tech-
niques used 1n the SIIS device of Papp and the MIMIMIM
devices of Suemasu and Asada preclude the use of amor-
phous 1nsulator materials 1 the SIIS device or the MIM-
IMIM device since crystalline growth and epitaxial growth
techniques, by definition, are able to form only crystalline
layers. In fact, the crystalline materials that may be used 1n
the SIIS device or the MIMIMIM device are limited by
substrate compatibility (for the SIIS device) and crystalline
lattice matching considerations (in the MIMIMIM device);
that 1s, the specific materials that may be used in the devices
of Suemasu, Asada and Papp are limited by the fabrication
procedures used 1 manufacturing these devices.

In contrast, the msulator materials used 1n the electron
tunneling device of the present invention may be chosen
from a variety of oxides and other materials that can be
deposited by sputtering, atomic layer deposition, spin-on
deposition, and other readily available techniques. For
example, a thin layer of metal can be deposited then oxi-
dized to form the insulator layer. Layer adhesion may be
promoted by a surfactant such as one containing silanes or
organic materials. In other words, the specific choice of
materials used in the electron tunneling device of the present
invention can be chosen for the desired electronic charac-
teristics of the materials, rather than being limited in the
choice by the fabrication procedure. Furthermore, the 1nclu-
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sion of the amorphous insulator 1n combination with the
second layer of material 1n the electron tunneling device of
the present invention yields unexpected advantages, such as
resonant tunneling. The simplicity of the electron tunneling
device of the present invention yields advantages not avail-
able 1 the SIIS nor the MIMIMIM device 1n the ease of
fabrication and the flexibility 1n the selection of materials.
Moreover, the use of an amorphous insulator layer in the
device, which 1s not feasible 1n the MIMIMIM devices of
Suemasu and Asada nor the SIIS device of Papp due to the
epitaxial growth technique requirements, allows added flex-
ibility 1n the selection of materials 1n the present device,
since amorphous rather than only compatible crystalline
layers can be used, thus further distinguishing the electron
tunneling device of the present invention from the prior art
devices.

The resonant tunneling effect and increased asymmetry
and nonlinearity and reduced differential resistance in the
clectron tunneling device of the present invention have been
verifled by the Applicants by theory and experiment. In
theoretical calculations, the currently available models for
MIM devices were extensively modified 1n accordance with
re-analysis of fundamental algorithms and evaluation to
allow the modeling of the electron tunneling device of the
present invention. The results of the theoretical calculations
verifled the presence of resonant tunneling and increased
asymmetry and nonlinearity with reduced differential resis-

tance 1n the electron tunneling device of the conifiguration
shown 1n FIG. 2A.

Experimental devices were also fabricated 1n accordance
with the present invention and tested. A thin film deposition
method based on atomic layer deposition (ALD) techniques
was used 1n the fabrication of the second layer. Other
deposition techniques, such as but not limited to sputtering
may also be used 1n place of ALD. The fabrication process
described below utilizes a lift—off technique to form the
patterned metal layers. Formation of the patterned metal
layer 1s also possible by chemical etching, reactive 1on
ctching, milling and other techniques. A summary of the
fabrication process for a typical device 1s as follows:

1. Thoroughly clean a silicon wafer substrate including a
thermal oxide less than 1 um thick for electrical 1solation
between the MIM diode and silicon substrate using a
combination of baking steps and de-ionized (DI) water
rinses;

2. Form a base contact pad, which 1s resistant to the
formation of a continuous ALD 1nsulator, to function as an
antenna and contact pads (for electrically accessing the
device):

a. Lithography to define the contact pad shape:

1 O, plasma cleaning to de-scum the silicon wafer,

ii. Spin on a primer (HMDS) at 6000 rpm for 30
seconds,

111. Spin on a resist at 6000 rpm for 30 seconds (time
and spin speed are dependent on the specific resist
used),

iv. Pre-bake the resist layer at 90° C. for 25 minutes
(time and temperature are dependent on the specific
resist used),

v. Expose the resist layer for 27 seconds (exposure time
1s dependent on the specific resist used and the resist
thickness),

vl. Develop the resist layer using a developer solution
(4:1 ratio of DI water to developer) for a predeter-
mined time, (developer solution depends upon spe-
cific resist and developer used)

vil. Rinse off the developer with DI water,
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vil. O, plasma cleaning to clean the resist openings;

b. Thermal evaporation of bond layer (100 nm of
chromium) to serve as a scratch-resistant metal,
through which the device can be electrically probed;

c. Thermal evaporation of contact layer (100 nm of gold)
for preventing the oxidation of the bond layer and the
adhesion of a continuous ALD layer;

d. Lift-off to remove extranecous material:

1. Laft-off with acetone on spinner at low speed,

i1. Ultrasonic bath with acetone (if necessary to pro-
mote lift-off),

111. Lift-off with acetone on spinner,

1v. Clean with 1sopropyl alcohol on spinner,

v. Spin dry;

3. Form a first non-insulating layer by repeating Step 2 (skip
Step 2¢) to form a 100 nm-thick Cr layer;

4. Form a first amorphous layer by oxidizing (3 days
minimum under a clean hood) the first non-insulating
layer to form a native oxide, less than 4 nm 1n thickness;

5. Form a second layer by atomic layer deposition using
Al(CH,), and H,O precursors;

6. Form the second non-1nsulating layer by repeating Step 3.
The fabrication procedure described above 1s relatively

simple, compared to the fabrication procedure of the MIM-

IMIM devices of Suemasu and Asada described above, and

1s flexible, allowing the use of various metal and oxide

materials. As mentioned above, a variety of metals, such as
but not limited to chromium, aluminum, niobium, tungsten,
nickel, yttrium and magnesium, and a variety of oxides, such
as the native oxides of the aforementioned various metals or
other oxides that can be deposited onto existing amorphous
layers are suitable for use in the electron tunneling device of
the present invention. The resulting devices have been
measured to verily the presence of the resonance peak in the
I-V curve as well as the increased asymmetry and nonlin-
carity with reduced differential resistance. Attention 1s par-
ticularly directed to Step 2¢, in which an additional contact
layer of a metal, such as silver or gold, 1s deposited on top
of the chromium bond layer. In this way, the contact pad 1s
still accessible while the insulators deposited by atomic
layer deposition do not form a continuous layer. In addition,
other methods of lithography, such as electron beam-assisted
lithography, may be used in place of the aforedescribed
photolithography steps. Also, 1n step 1, the coupling
between the antenna and electromagnetic energy may
altered by alternative substrate choices such as, but not
limited to, glass, quartz and other non-conductive materials
that are flat and capable of withstanding the evaporation and
deposition procedures, such as those described above.

Furthermore, if coupling of the electromagnetic radiation

from the substrate side of the device 1s desired a substrate

transparent to the incident electromagnetic radiation can be
used 1n place of the silicon wafer substrate.

Turning now to FIGS. 3A and 3B, a solar energy converter
200 has been developed as one application example of the
present invention as described above. Solar energy converter
200 1ncludes a first non-msulating layer 212 and a second
non-insulating layer 214 corresponding to previously
described layers 112 and 114, respectively. An overlap
portion between the first and second non-insulating layers,
indicated by a box 2135, effectively forms the aforedescribed
clectron tunneling device. The structure of the electron
tunneling device 1s shown more clearly in FIG. 3B, 1llus-
frating a cross sectional view of solar energy converter 200
of FIG. 3A taken along line 3B—3B. A first amorphous
insulator layer 216 and a second layer 218, corresponding to
previously described layers. 116 and 118, respectively, are
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positioned 1 overlap portion 215 of the first and second
non-insulating layers to result in the electron tunneling
device of the present invention.

As shown 1 FIG. 3A, first and second non-insulating
layers 212 and 214, respectively, are further shaped 1in a form
of a bow-tie antenna to focus the incident solar energy on the
overlap portion, thus increasing the sensitivity of the solar
energy converter to incident solar energy. The bow-tie
antenna 1s conflgured to increase the sensitivity of solar
energy converter 200 to broadband solar energy by being
receptive to electromagnetic radiation over a range of
frequencies, for example, from near-ultraviolet to near-
infrared frequencies. When solar energy 220 falls on solar
energy converter 200, solar energy 220 1s converted to a
voltage between the first and second non-insulating layers to
serve as the aforementioned given voltage. A directional
current 1s established in the overlap portion in accordance
with the I-V curve for the electron tunneling device of the
present mnvention. Thus, the incident solar energy 1s con-
verted to electrical energy by electrical rectification. The
clectrical energy can then be extracted at an output from the
solar energy converter.

It 1s stressed that the solar energy converter of FIGS. 3A
and 3B exhibit the performance advantages of the MIM-
IMIM and SIIS devices while avoiding the disadvantages of
the prior art devices. Namely, solar energy converter 200 1s
based on a simple structure of two non-insulating layers
separated by two different layers positioned therebetween,
where one of the two different layers 1s an amorphous
insulator. Due to the flexible fabrication process, the exact
materials used 1n solar energy converter 200 can be selected
from a wide variety of readily available materials, such as
chromium, aluminum, titanium, niobium and silicon and the
respective native oxides, and not be constrained to the use of
only semiconductor materials, crystalline insulators or
exotic materials, such as CoSi,. Also, unlike the prior art
semiconductor device, which 1s limited 1n its response by the
bandgap energy, the solar energy converter of the present
invention 1s sensitive to a wide range of incident electro-
magnetic energies. In fact, with an appropriately designed
antenna, which 1s configured to be sensitive to the range of
frequencies within the electromagnetic spectrum of the sun,
the energy conversion eiliciency upper limit of the solar
energy converter of the present invention approaches 100%
of the energy delivered to the electron tunneling device by
the antenna. Moreover, the solar energy converter of FIGS.
3A and 3B does not require the application of an external
bias voltage, other than the solar energy received by the
antenna structure. The fact that the solar energy converter of
the present invention does not require the application of an
external bias 1s 1n contrast to prior art devices which require
the application of an external bias voltage.

Turning now to FIG. 4, a variation of the electron tun-
neling device of the present invention 1s described. FIG. 4
illustrates an electron tunneling device 300 including a
superlattice structure 310 positioned between first non-
insulating layer 12 and second non-insulating layer 14.
Superlattice structure 310 includes a plurality of thin non-
insulating layers 312 separated by thin insulating layers 314.
Each thin non-insulating layer 312 can be, for example, one
monolayer of a metal, and each thin insulating layer 314 can
be, for mstance, seven monolayers of an insulator. Super-
lattice structure 310 provides an transport path for electrons,
thus increasing electron flow between the first and second
non-insulating layers. As a result, more flexibility in the
design of the electron tunneling device becomes available
for enhancing the performance of the device such as, for
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instance, increasing the device nonlinearity by selecting a
suitable material to modily the height of the energy band
corresponding to either the first or the second non-1nsulating
layer.

Although each of the aforedescribed embodiments have
been 1illustrated with various components having particular
respective orientations, 1t should be understood that the
present invention may take on a variety of specific configu-
rations with the various components being located in a wide
variety of positions and mutual orientations and still remain
within the spirit and scope of the present invention.
Furthermore, suitable equivalents may be used in place of or
in addition to the various components, the function and use
of such substitute or additional components being held to be
familiar to those skilled in the art and are therefore regarded
as falling within the scope of the present invention. For
example, the exact materials used in the aforedescribed
devices may be modified while achieving the same result of
improved current-voltage performance. Also, 1n the solar
energy converter application, other antenna shapes suitable
for recerving broadband solar energy may be used 1n place
of the bow-tie antenna.

In addition to the advantages described thus far resulting,
from resonant tunneling, asymmetry may be further
enhanced by quantum mechanical reflections. Quantum
mechanical reflections occur as a result of changes 1n
potential energy or effective mass and are accounted for in
the i1nventors theoretical calculations. These reflections
result for electrons tunneling both above and below the band
edge of the mnsulator. As a result of the substantially different
barrier and effective mass profile of this multilayer system
over single layer MIM diodes asymmetry will be enhanced
even 1n the absence of the resonant tunneling.

Furthermore, 1t 1s noted that the slope of the conduction
band in the oxide 1s proportional to the electric field strength,
and the electric field strength 1 turn depends upon the
dielectric constant within the oxide. Consequently, we may
tailor the voltage drop or electric field strength across each
of the oxide regions by using oxides with desirable dielectric
constants. By controlling the electric field strength 1n each
layer we may further tailor the resonant energy level location
as a function of provided voltage.

Moreover, the asymmetry in the I-V curve of the device
can be further enhanced by considering the electric field
direction 1n the multilayer system. In tunneling, the electric
field direction does not play a role in the magnitude of the
tunneling probability. However, 1f an electron does not
tunnel the entire distance through the oxide, perhaps due to
a collision, the characteristics of the electric field will
influence the post-collision electron direction. The direction,
magnitude, and distribution of the electric field in the oxide
layer can be controlled by selecting the work functions and
Fermi levels of the electrodes and the dielectric constant of
the oxide layers.

Referring briefly to FIG. 3A, 1t should be noted that
outputs are taken from opposing outermost ends of first and
seccond non-insulating layers 212 and 214. A still more
detailed discussion of this highly advantageous configura-
tion follows immediately heremnatter. Moreover, it should be
noted that even though solar energy conversion has been
discussed above, the present invention enjoys a broad range
of applicability including high-speed detection, heterodyne
mixing and modulation of optical communication signals,
emission of optical radiation, millimeter wave and sub-
millimeter wave detection for thermal 1imaging, as well as
emission of electromagnetic energy. In addition, the device
integrated with the antenna can take on forms other than the
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MIM or MIIM diodes discussed here. For example, devices
which are contemplated as being usetul include, but are not
limited to diode types such as MIM, MIIM, SIS and
Schottky, and devices such as microbolometers and Joseph-
son junctions. The application will primarily be determined
by the capabilities of the device integrated with the antenna.
For a high-speed diode as the device, communication appli-
cations may be attractive, wherecas for a slower speed
microbolometer, a thermal imaging application might be
more suitable. For the highest sensitivity, a Josephson junc-
fion as the device might be more useful.

As 1ndicated by the foregoing list of applications, the
device integrated antenna presented here can be used as a
detector, a modulator, a mixer or an emitter of electromag-
netic radiation. These modes of operation will be briefly
described below. The 1mnputs and outputs of the invention are
either electrical or optical signals. An electrical signal 1s an
clectromagnetic signal traveling on electrical wires, whereas
an optical signal 1s one that travels 1n a dielectric medium
such as a waveguide or free space.

A detector captures and converts an optical signal into an
clectrical form. If the optical signal has been modulated,
then the detector will extract the modulating signal 1in
electrical form. The modulating signal 1s slowly varying in
time 1n comparison with the higher frequency of the
received electromagnetic radiation. A mixer can be thought
of as a special case of a detector where two electromagnetic
signals of different frequencies are received. These two
frequencies are then mixed and converted i1nto a lower
frequency which 1s extracted as an electrical signal from the

As a modulator, the present invention will capture elec-
tromagnetic radiation, imprint a modulating electrical signal
upon 1it, and reradiate the final modulated signal. The emitter
conilguration 1s a special case of the modulator where an
input electrical signal causes the emission of an electromag-
netic signal 1n optical form.

In order to describe the basic operation of the invention,
it 1s decomposed 1nto three basic constituents as follow: an
antenna, a device, and low frequency leads. The function of
the antenna 1s to capture or radiate electromagnetic energy.
The device imtegrated with the antenna has the ability to
detect, modulate, or emit electromagnetic radiation. The low
frequency leads are used to DC bias the device, if necessary,
and also to carry the detected or modulating signal. The
basic detector operation of the unit i1s that the antenna
captures eclectromagnetic energy from free space or a
wavegulde and couples it into the device connected across
the antenna terminals. This device converts the electromag-
netic energy 1nto an electrical signal which is transferred
away from the antenna—diode configuration by low fre-
quency leads. In modulator mode, the captured electromag-
netic energy from the antenna is modulated by a varying
electrical signal on the low frequency leads.

Attention 1s now directed to FIG. § which diagrammati-
cally 1illustrates a highly advantageous device integrated
antenna assembly that 1s generally indicated by the reference
number 400. Assembly 400 includes first and second non-
insulating layers 212 and 214, respectively, each of which 1s
in the form of a bow arm having outermost ends 402 and 404
which are positioned farthest from a device (not visible in
this view) that is arranged proximate to the innermost ends
of the bow arms between confronting portions thereof. This
device arrangement 1s essentially identical to that shown 1n
cross—section 1 FIG. 3B and described above with certain
exceptions to be noted. Initially, for example, 1t should be
appreciated that the device used in FIG. 5 may be operable
in any of the modes discussed above, where the antenna 1s
integrated with any of the devices listed above.
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Still referring to FIG. 5, for convenience 1n these
descriptions, the bow arms may be referred to as such using
reference numbers 212 and 214. Accordingly, bow arms 212
and 214 cooperatively define a bowtie shaped peripheral
outline 406. The bow arms further include first and second
ports indicated by the reference numbers 408 and 410,
respectively. In the present example, the ports are outset with
respect to the outermost ends 402 and 404 of the bow arms,
however, this 1s not a requirement, as 1s demonstrated by
previously described FIG. 3A. The elongated, outset ports
may be formed, for example, as extensions of non-insulating
layers 212 and 214, respectively. The ports merge 1nto a low
frequency transmission line that 1s diagrammatically indi-
cated by the reference number 412 leading to an input/output
port 414. The ports may merge into any suitable electrical
transmission line such as, for example, a coplanar stripline
(CPS), which is not shown. In the CPS, signal propagation
characteristics are determined primarily by the width and
spacing of the lines as well as the dielectric properties of the
substrate which supports the lines. CPS design consider-
ations are described, as an example, by G. Ghione and C.
Nald1 1n “Analytical formulas for coplanar lines in hybrid
and monolithic MIC’s,” appearing 1n, Electron Letters, vol.
20, pages 179-181, 1984, which 1s incorporated by refer-
ence. During operational use, 1t should be understood that
ports 408 and 410 may serve as either inputs or as outputs
depending upon whether the arrangement 1s operating 1n a
modulation mode or 1n a detection mode, respectively. In
both modulation or detection mode, if a DC bias 1s needed
for the proper operation of the device, the ports 408 and 410
may serve as both a bias line as well as an mput or output
line. In the instance where the arrangement 1s operating in
the modulation mode, ports 408 and 410 serve as inputs
whereby to 1nject an 1nput electrical signal at a given
frequency. This given frequency may reside 1n a frequency
range ol approximately DC to several terahertz and 1is
selected such that the wavelength at this frequency 1is
significantly larger than the bowtie antenna in a way which
causes the iput electrical signal to be present at least
oenerally throughout the antenna arrangement. That 1s, a
voltage induced across the first and second non-insulating
layers 1s not confined as to specific regions of the bow arms.
As a result, a modulation device at the center of the bowtie
configuration readily receives the mput electrical signal. For
bow arm 212, the input electrical signal 1s shown as a
modulation mode 1nput signal 420, indicated by an arrow,
along a path extending from port 408 directly to the modu-
lation device. It 1s to be understood that such a modulation
mode 1mput signal also travels from port 410 to the modu-
lation device, but has not been shown due to 1illustrative
constraints.

At the same time, an incident electromagnetic wave 421
such as, for example, ambient light 1s 1incident upon bow
arms 212 and 214 so as to induce high frequency “surface”
currents. While these currents may be referred to in this
description as well as 1n the appended claims using the terms
high frequency currents or “surface currents”, it 1s to be
understood that the current being described 1s present at or
proximate to the surface of each bow arm and 1s additionally
induced up to some depth, from a practical standpoint, into
the non-insulating body of the bow arm carrying the current.
Generally, such surface current decays rapidly with increas-
ing depth 1nto its conducting body so as to exhibit signifi-
cantly higher magnitudes 1n the immediate vicinity of the
surface.

Still considering details with regard to the subject surface
currents, because the wavelength characterizing the surface
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currents 1s relatively small 1n comparison to the geometry of
the bowtie antenna, another 1mportant property of the sur-
face currents arises. Specifically, and again unlike the 1nput
clectrical signal, the surface currents are not only confined
depthwise 1n the bow arms, but are also confined 1n a lateral
sense on the surface of the bow arms at which they are
induced. While, the low frequency electrical signal 1s uni-
formly present across the lateral extents of the bow arms
which make up the antenna arrangement, the surface cur-
rents are conflned 1n the plane of FIG. 5, to particular paths
within the antenna arrangement which are defined, at least in
part, by the peripheral outline or configuration of the bowtie
antenna 1tself. These paths are referred to herein as dominant
paths or may be referred to, in the instance of a resonant
antenna, as resonant paths. In the case of a bowtie antenna,
a pair of dominant paths 1s present. A first one of the
dominant paths 1s shown as a first dashed line that is
indicated by the reference number 430 and which 1s defined
along a first side margin of each of the bow arms. A second
one of the dominant paths 1s shown as a second dashed line
that 1s indicated by the reference number 432 and which 1s
defined along an opposing, second side margin of each of the
bow arms. Each of the dominant paths passes through or
intersects the device that 1s positioned between the confront-
ing portions of the bow arms at their innermost ends. The
modulation device responds to the mnput electrical signal by
modulating the high frequency current flowing therethrough.
This modulated high frequency current continues to be
confined to the dominant paths defined by the bow arms and,
in turn, generate an output electromagnetic signal 422 that
emanates from the bow arms.

Peripheral outline 406 of the antenna arrangement serves
to define further characteristics of dominant paths 430 and
432. In particular, outermost ends 402 and 404 of the bow
arms serve not only in defining ports 408 and 410, but also
to define reflector configurations which terminate the domi-
nant paths. The reflector configuration of each outermost end
1s made up of first and second reflector segments 434 and
436 which are positioned on opposite sides of ports 408 and
410. These reflector segments may comprise terminating
cdge segments of non-insulating layers 212 and 214 at the
outermost ends. In this regard, it should be appreciated that
the antenna configuration of FIG. 5 1s 1llustrative of a
resonant antenna configuration 1n which the surface currents
oscillate or resonate along the dominant paths. Such circu-
lation of the surface currents is considered to be highly
advantageous 1n either of a modulation implementation or a
detection implementation since opportunities for the surface
currents to leak out of the dominant paths are limited, as will
be contrasted with prior art configurations 1n a subsequent
discussion.

In the present example, each bow arm includes an elon-
gation axis about which the ports and reflector segments are
symmetrically arranged, however, this 1s not a requirement
so long as the resonance functionality of the dominant paths
1s not overly suppressed. In terms of design concerns, 1t 1s
recognized that the width of the dominant paths 1s influenced
by a combination of factors at least including material
properties of the bow arms and the angle of flare used 1n the
bow arm (indicated as 0 in FIG. 5).

In the 1nstance of using assembly 400 1n the emitter mode,
the integrated device emits electromagnetic radiation into
the bow arms to produce surface currents 1n dominant paths
430 and 432. Consequently, output electromagnetic signal
422 1s produced 1n the absence of electromagnetic energy
421 incident upon the bow arms.

Turning now to a discussion considering the use of
arrangement 400 1n the detection mode, 1t 1s 1nitially 1impor-
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tant to understand that the surface current resonates in the
same manner, irrespective of whether 1t 1s produced 1n a
detection, mixer, emitter or modulation mode. With that in
mind, the present description 1s limited to those aspects of
operation which are, 1n fact, different in this alternative
mode. In the detection mode, an electromagnetic radiation
440 1s 1ncident on the bow arms whereby to induce the
surface currents 1n resonant paths 430 and 432. The mncident
clectromagnetic radiation may be within a frequency range
of approximately several kHz to visible light and may be
unmodulated, in such an 1nstance as solar energy
conversion, or modulated with any suitable information
signal which 1s to be recovered, such as 1n optical commu-
nication. The surface currents are again confined to resonant
paths 430 and 432 to be routed through the active device at
the confronting portions of the bow arms such that the
device acts on the surface current to emit a lower frequency
output signal into the antenna arrangement, responsive to the
surface current. The emitted output may comprise a direct
current 1n the instance of solar energy conversion or a
demodulated signal that has been detected as the envelope of
incident electromagnetic radiation, serving as an amplitude
modulated carrier. Again, the detected signal 1s emitted at a
frequency that 1s sufficiently lower than the high frequency
current so as to be present at least generally throughout the
antenna including at ports 408 and 410. A detected output
signal 442 1s illustrated by an arrow that extends from the
detection device directly to port 410. It 1s to be understood
that such a detected output also travels from the detection
device to port 408 but has not been shown due to illustrative
constraints.

When assembly 400 1s used 1n a mixer mode, mncident
clectromagnetic energy 421 may include at least two differ-
ent frequencies such as a first frequency and a second
frequency. Mixing then produces an output difference fre-
quency as output 442.

Inasmuch as device integrated antenna 400 has been
described 1n detail above with respect to 1ts structure and
operational characteristics, attention 1s now directed to cer-
tain attendant advantages. Initially, 1t 1s important to under-
stand that each of ports 408 and 410 1s positioned suiliciently
away Ifrom each of the resonant paths to 1solate the lower
frequency signal, traveling between the ports and the active
device, from the surface currents that are confined to the
resonant paths, at least from a practical standpoint. That 1s,
the ports are spaced—apart from the resonant paths sufficient
to produce 1solation from the surface currents. In and by
itself, this 1solation 1s considered to be a sweeping advantage
over prior art configurations. As a first advantage, leakage of
surface currents 1nto the ports 1s prevented. As a second
advantage, overall efficiency 1s enhanced by reducing leak-
age currents. This latter advantage 1s readily understood with
reference to using device integrated antenna 400, for
example, 1n the detection mode. In this context, any active
detection device exhibits a certain conversion efficiency.
Theretore, a first portion of surface current that 1s traveling
through the device at a given time 1s down-converted to the
lower frequency. At the same time, a second, transmitted
portion of the surface current travels through the device
without conversion, while a third, reflected portion of the
surface current 1s reflected upon attempting to enter the
device. The present invention 1s considered to provide
sweeping advantages with regard to the transmitted and
reflected portions of the surface currents. These portions
simply remain on the resonant paths of the antenna only to
pass through the device on another round trip. Thus, con-
version efficiency 1s enhanced since the surface current may
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be down-converted on a subsequent round trip. In addition,
the designer may choose the resonant length (i.e., the
reflector to reflector length of the dominant paths) so as to
shape the dominant path for maximal impedance-matching
with a particular device.

With the foregoing advantages in mind, 1t 1s worthwhile
to briefly consider the approach of the prior art. Conven-
fional resonant bowtie antennas generally use a center fed
conflguration wherein an mput or output is transferred into
or taken out of the bowtie at the intersection of the bow
arms. For a device integrated configuration, the input/output
port 1s at the bowtie intersection, co-located with the inte-
orated active device. The present invention considers this
approach as being unacceptable, with or without an inte-
orated active device, at least for the reason that the resonant
paths defined by the bowtie must travel through this inter-
section region. Accordingly, surface current leakage 1nto the
low frequency signal paths at the intersection point 1is
virtually assured. As a further disadvantage, in a device
integrated configuration, the leakage reduces overall efli-
ciency 1n either a detection or modulation mode by remov-
ing a portion of the circulating resonant current. The present
invention, 1n contrast, 1s thought to completely resolve this
difficulty by using bow arm outermost end configurations,
which integrate reflection segments so as to maintain reso-
nant path oscillation, 1n cooperation with co-integrated ports
for transmitting an input or output signal 1n 1solation from
the resonant surface currents. For example, 1f the device
integrated antenna of the present invention 1s used 1n a
detection mode, the resonating surface current has the
opportunity to pass through a detection device arranged at
the mnnermost end of the bow arms any number of times with
little opportunity to leak out.

It 1s important to understand that the i1llustrated symmetri-
cal configuration of FIG. 5 may be altered 1n any number of
ways while remaining within the scope of these broad
teachings. For example, the ports may be located at any
position within the antenna assembly where interference
with the resonant surface currents 1s avoided or 1s at least at
a tolerable level.

Attention 18 now directed to FIG. 6A, which illustrates
another implementation of the device integrated antenna of
the present invention that 1s generally indicated by the
reference number 500. Since antenna arrangement 500 is
similar to antenna arrangement 400 of FIG. 5, descriptions
of like components will not be repeated for purposes of
brevity and the reader 1s referred to discussions appearing,
above. Antenna arrangement 500 differs, however, 1n the
coniliguration of its iput/output ports. In this example, the
ports are indicated by the reference numbers 408' and 410,
including an inset configuration within outermost ends 402
and 404, respectively. It should be appreciated that antenna
arrangement 500 shares all of the advantages of antenna
arrangement 400 while providing still further advantages, as
will be described immediately hereinafter.

Turning to FIG. 6B 1n conjunction with FIG. 6A, a more
enlarged plan view of bow arm 412 and inset port 408' are
provided for 1llustration of certain characteristics of surface
currents 550 (indicated as a plurality of arrows). It is noted
that this illustration has been presented 1mn a way which 1s
thought to enhance the reader’s understanding with respect
to flow of surface currents and 1s not to scale. What 1s clearly
shown, however, 1s that the dominant paths can advanta-
geously be shaped by cutting an inset feed (port 408") to alter
current flow when the dominant path i1s considered as the
collective flow defined by the individual high frequency
current arrows. Using this recognition, resonance and
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impedance matching conditions may be made more favor-
able. In particular, cut-aways of a length 552 and a width 554
define the inset geometry of port 408'. As another advantage,
the path taken by the high frequency current 1s influenced
such that interaction between the antenna and the device at
the apex of the bow arm 1s most favorable for energy transfer
into and/or out of the device.

It should be further appreciated that any port may be 1nset
or outset by any suitable amount so long as interference/
leakage with resonant paths 430 and 432 1s at an acceptable
value. Moreover, the inset/outset may be thought of as zero
in the configuration of FIG. 3A having a straight line
outermost end. Additionally, the ports 1n a single device
integrated antenna may have different configurations. For
example, one port may be outset while the opposing port 1s
inset. Variation of the inset/outset values from one bow arm
to the opposing bow arm can be advantageous, for example,
when the bow arms are of different sizes. For instance,
where one bow arm 1s lengthened relative to the other bow
arm along its elongation axis, the inset may be increased to
alter the port position for the lengthened bow arm.

At this juncture, 1t 1s appropriate to note that the present
invention, as exemplified by the embodiments of FIGS. §
and 6A, provides a resonant bowtie antenna that 1s not center
fed. Applicants are unaware of such a highly advantageous
conflguration 1n the prior art.

Turning now to FIG. 7, still another implementation of the
device integrated antenna of the present invention 1s gener-
ally indicated by the reference number 600. While the
coniliguration of antenna 600 resembles that of antenna 500,
its conflguration, as well as operation, 1s different 1n an
important respect. In particular, antenna 600 includes a
non-resonant configuration. As described above, 1n a non-
resonant configuration, the paths which confine the surface
currents are referred to as dominant, rather than resonant
paths. A pair of opposing dominant paths are indicated by
the reference numbers 602 and 604. In order to produce this
non-resonant configuration, bow arms 212 and 214 are
lengthened to an extent that causes surface currents that flow
in the dominant paths to decay to an insignificant level.
Accordingly, there 1s no significant surface current to retlect
upon reaching outermost ends 402 and 404. While shown in
a reflective configuration using retlective edge segments
606, the outermost ends may include end segments (not
shown) that are configured so as not to reflect surface
currents which may reach them. Sufficient non-reflectivity,
of course, may serve to reduce or eliminate the need for
clongation of the bow arms.

Still referring to FIG. 7, a pair of opposing ports are
indicated by the reference numbers 408" and 410". Like the
ports shown 1n FIG. 6A, these ports remain inset within the
bow arms, but appear as being relatively further inset,
primarily due to elongation of the bow arms. It should be
observed that the ports are arranged such that the surface
current in dominant paths 602 and 604 travels past the ports
in a direction that 1s generally away from the active device
at the innermost ends of the bow arms. Moreover, as a result
of the highly advantageous configuration of antenna 600, the
surface currents nearest the ports may still be at significant
levels, while the ports remain isolated therefrom. In this
regard, antenna 600 shares the advantages of previously
described embodiments with respect to 1solation, but in a
nonresonant confliguration.

Prior art non-resonant bowtie antennas are generally seen
in what 1s generally referred to as an edge fed configuration
wherein the entire outermost end of each bow arm connects
to a low frequency lead. That 1s, the low frequency lead,
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proximate to the antenna, generally includes the same width
as the outermost end of the bow arm and extends outwardly
from the outermost end, maintaining the outermost end
width for some distance which permits the surface currents
to decay to negligible levels. Having eliminated the surface
currents to a suflicient degree, the low frequency leads
extending from the bow arms are merged 1nto a suitable
transmission line. This configuration 1s seen, for example, 1n
FIG. 7, page 538 of the aforedescribed article entitled
Imaging Antenna Arrays by David B. Rutledge, et al.
|10]. The present invention, in contrast, does not require
clongated edge feed leads for purposes of surface current
decay. Such surface currents are 1solated from the low
frequency ports due to a highly advantageous physical
location which 1s, at least potentially, between opposing
dominant paths. Accordingly, a more compact configuration
1s provided by the present imnvention.

It 1s to be understood that the present invention, and the
advantages attributed thereto can be utilized 1n electromag-
netic device applications other than solar energy conversion
devices. These applications include, but are not limited to,
detectors of all of the electromagnetic frequency spectrum,
including superconducting detectors, emitters, modulators,
repeaters and transistors, as disclosed in the applicants’
copending U.S. patent application Ser. No. 09/860,972, filed
simultaneously with the parent application of the present
application and 1ncorporated herein by reference.
Additionally, an external bias voltage may be applied to the
non-insulting layers i1n these applications to operate the
device 1n a desired region on the I-V curve. Therefore, the
present examples are to be considered as illustrative and not
restrictive, and the invention 1s not to be limited to the details
orven herein but may be modified within the scope of the
appended claims.

What 1s claimed 1s:

1. An assembly, comprising:

a device configured for receiving at least one input to
produce an output responsive thereto;

an antenna arrangement for supporting said device to
transfer said mnput to the device and further to transfer
said output from said device such that the antenna
arrangement supports a selected one of the mput and
the output as a high frequency current and said antenna
arrangement 1ncludes a peripheral configuration which
confines said high frequency current to at least one
dominant path within the antenna arrangement so that
the high frequency current oscillates 1n the dominant
path and so that the other one of the input and the output
1s a lower frequency signal that 1s present at least
generally throughout the antenna arrangement; and

at least one port, within said antenna arrangement, posi-
tioned sufficiently away from said dominant path so as
to 1solate the lower frequency signal at the port from
said high frequency current in said dominant path.

2. The assembly of claim 1 wherein said antenna arrange-
ment 1includes at least a first reflector segment at one side of
said device and at least a second retlector segment on an
opposite side of said device such that the first and second
reflector segments serve to define opposing ends of said
dominant path.

3. The assembly of claim 2 wherein said port 1s positioned
spaced-apart from said first and second reflector segments to
substantially reduce leakage of said high frequency current
into the port.

4. The assembly of claim 1 wherein said antenna arrange-
ment includes a first antenna portion and a second antenna
portion defining first and second electrically conductive
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surfaces, respectively, and which electrically conductive
surfaces are at least generally planar for conducting said
high frequency current such that the first and second antenna
portions cooperatively provide an overall outline of the
antenna arrangement and the first and second electrically
conductive surfaces each include first and second coniront-
ing portions thereof which are arranged 1n a confronting
relationship and said device 1s positioned between said first
and second confronting portions.

5. The assembly of claim 4 wherein said first and second
electrically conductive surfaces define said overall outline at
least generally shaped as a bowtie.

6. The assembly of claim 4 wherein each of the first and
second antenna portions each includes an outer end, farthest
from said device and having an outer end width and each of
the first and second antenna portions further includes a
length extending from said outer end to an inner end
proximate to said first and second confronting portions such
that each of the first and second antenna portions includes a
first side margin and a second side margin each extending
from the outer end to the mner end and cooperating with the
outer end width to define a first dominant path extending
from the outer end of the first antenna portion to the outer
end of the second antenna portion adjacent to the first side
margin of each of the first and second antenna portions and
extending through said device, and defining a second domi-
nant path extending from the outer end of the first antenna
portion to the outer end of the second antenna portion
adjacent to the second side margin of each of the first and
second antenna portions and extending through said device.

7. The assembly of claim 6 wherein each of the first and
seccond antenna portions includes a generally triangular
outline.

8. The assembly of claim 7 wherein the generally trian-
oular outline of each of the first and second antenna portions
cooperates to define the overall outline of the antenna
arrangement, at least generally, as a bowtie shape.

9. The assembly of claim 6 wherein said inner end of each
of the first and second antenna portions includes an 1nner end
width which 1s less than the outer end width of each of the
first and second antenna portions.

10. The assembly of claim 6 wherein a first port 1s
positioned on the outer end width of said first antenna
portion between the first and second dominant paths.

11. The assembly of claim 10 wherein the first port 1s, at
least approximately, centered between the first and second
dominant paths.

12. The assembly of claam 10 wherein a second port 1s
positioned on the outer end width of said second antenna
portion between the first and second dominant paths.

13. The assembly of claim 12 wherein the second port 1s,
at least approximately, centered between the first and second
dominant paths.

14. The assembly of claim 6 wherein a first port 1s
positioned on the outer end width of said first antenna
portion between the first and second dominant paths and a
second port 1s positioned on the outer end width of said
second antenna portion between the first and second domi-
nant paths and said lower frequency signal 1s present across
the first and second ports.

15. The assembly of claim 6 wherein the outer end width
of each of the first and second antenna portions i1s configured
for reflecting said surface current 1n said first and second
dominant paths and for passing the lower frequency signal
for each of the first and second ports, respectively.

16. The assembly of claim 1 wherein said high frequency
current 1s produced responsive to an incident electromag-
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netic radiation that 1s incident upon the antenna arrangement
at a given frequency and said device 1s configured for
emitting said lower frequency signal into the antenna
arrangement responsive to the incident electromagnetic
radiation.

17. The assembly of claiam 16 wherein the incident
clectromagnetic radiation 1s modulated and said lower fre-
quency signal 1s a demodulated signal.

18. The assembly of claim 16 wherein said device 1is
selected as one of a MIM diode, a MIIM diode, a Schottky
diode and a microbolometer.

19. The assembly of claim 1 wherein said port serves as
an 1nput port which receives the lower frequency signal for
transfer to said device as said mput and an incident electro-
magnetic radiation 1s incident on said antenna as an addi-
fional mput 1n a way which generates said high frequency
current such that the high frequency current travels through
said device and the device modulates the high frequency
current passing therethrough and back into the antenna
arrangement to cause a modulated electromagnetic radiation
to be radiated from the antenna arrangement.

20. The assembly of claim 19 wherein said device i1s
selected as one of a MIM diode, a MIIM diode, a Schottky
diode, a Josephson junction, and a microbolometer.

21. The assembly of claim 1 wherein said device 1s an
emitter and wherein said port serves as an 1nput port which
receives the lower frequency signal for transfer to said
emitter as said 1nput 1n a way which causes the emitter to
inject said high frequency current 1nto the antenna arrange-
ment to cause a modulated electromagnetic radiation to be
radiated from the antenna arrangement.

22. The assembly of claim 1 wherein an mput electro-
magnetic radiation 1s incident upon the antenna arrangement
having at least a first frequency and a second frequency to
produce said high frequency current in the antenna arrange-
ment including the first frequency and the second frequency
and said device 1s a mixer which receives the high frequency
current to produce said lower frequency signal as a ditfer-
ence frequency between the first frequency and the second
frequency for transfer to the port.

23. An assembly, comprising;:

device means for receiving at least one mput to produce
an output responsive thereto;

antenna means for supporting said device to transfer said
input to the device and further to transfer said output
from said device such that the antenna means supports
a selected one of the mput and the output as a high
frequency current and said antenna means includes
peripheral configuration means for confining said high
frequency current to at least one dominant path within
the antenna means so that the high frequency current
oscillates 1n the dominant path and so that the other one
of the input and the output is a lower frequency signal
that 1s present at least generally throughout the antenna
means;, and

port means, as part of said antenna means, positioned

sufficiently away from said dominant path so as to

1solate the lower frequency signal at the port means

from said high frequency current 1 said dominant path.

24. In producing an assembly, a method comprising the
steps of:

providing a device for receiving at least one 1nput to
produce an output responsive thereto;

supporting said device within an antenna arrangement to
transfer said input to the device and to transfer said
output from said device such that the antenna arrange-
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ment supports a selected one of the 1nput and the output
as a high frequency current and said antenna arrange-
ment 1ncludes a peripheral configuration which con-
fines said high frequency current to at least one domi-
nant path within the antenna arrangement so that the
high frequency current oscillates 1n the dominant path
and so that the other one of the input and output 1s a
lower frequency signal that 1s present at least generally
throughout the antenna arrangement; and

positioning at least one port, within said antenna
arrangement, sufficiently away from said dominant
path so as to 1solate the lower frequency signal at the
port from said high frequency current within the domi-
nant path.

25. The method of claim 24 wherein the step of config-
uring said antenna arrangement 1ncludes the steps of arrang-
ing at least a first reflector segment at one side of said device
and arranging at least a second reflector segment on an
opposite side of said device such that the first and second
reflector segments serve to deflne opposing ends of said
dominant path.

26. The method of claim 25 wherein the step of position-
ing said port includes the step of locating the port spaced-
apart from said first and second reflector segments to sub-
stantially reduce leakage of said surface current into the port.

27. The method of claim 24 wherein said antenna arrange-
ment 1S configured to 1nclude a first antenna portion and a
second antenna portion defining first and second electrically
conductive surfaces, respectively, and which electrically
conductive surfaces are at least generally planar for receiv-
ing said electromagnetic radiation such that the first and
second antenna portions cooperatively provide an overall
outline of the antenna arrangement and arranging the first
and second electrically conductive surfaces to include first
and second confronting portions thereof 1n a conironting,
relationship and the step of locating said device includes the
step of positioning the device between said first and second
confronting portions.

28. The method of claim 27 wherein said first and second
clectrically conductive surfaces are formed to define said
overall outline at least generally shaped as a bowtie.

29. The method of claim 27 wherein each of the first and
second antenna portions 1s configured to include an outer
end, farthest from said device and having an outer end width
and each of the first and second antenna portions is further
coniligured having a length extending from said outer end to
an 1nner end proximate to said first and second confronting
portions such that each of the first and second antenna
portions 1ncludes a first side margin and a second side
margin each extending from the outer end to the nner end
and cooperating with the outer end width to define a first
dominant path extending from the outer end of the first
antenna portion to the outer end of the second antenna
portion adjacent to the first side margin of each of the first
and second antenna portions and extending through said
device, and defining a second dominant path extending from
the outer end of the first antenna portion to the outer end of
the second antenna portion adjacent to the second side
margin of each of the first and second antenna portions and
extending through said device.

30. The method of claim 29 wherein each of the first and
second antenna portions 1s formed to include a generally
triangular outline.

31. The method of claim 30 wherein the generally trian-
oular outline of each of the first and second antenna portions
cooperates to define the overall outline of the antenna
arrangement, at least generally, as a bowtie shape.
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32. The method of claim 29 wherein said inner end of
cach of the first and second antenna portions 1s configured to
include an mnner end width which 1s less than the outer end
width of each of the first and second antenna portions.

33. The method of claim 29 wherein a first port 1s
positioned on the outer end width of said first antenna
portion between the first and second dominant paths.

34. The method of claim 33 wherein the first port 1s, at
least approximately, centered between the first and second
dominant paths.

35. The method of claim 33 wherein said positioning step
includes the step of positioning a second port on the outer
end width of said second antenna portion between the first
and second dominant paths.

36. The method of claim 35 wherein the second port 1s, at
least approximately, centered between the first and second
dominant paths.

37. The method of claim 29 wherein said positioning step
includes the steps of locating a first port on the outer end
width of said first antenna portion between the first and
second dominant paths and locating a second port on the
outer end width of said second antenna portion between the
first and second dominant paths and said method further
includes the step of taking said output across the first and
second ports.

38. The method of claim 29 wherein the outer end width
of each of the first and second antenna portions 1s configured
for reflecting said surface currents i said first and second
dominant paths and for passing the output emitted by said
device to each of the first and second ports, respectively.

39. The method of claim 24 wherein said electromagnetic
radiation 1s received at a given frequency and including the
step of using said device to emit said output at a different
frequency responsive to said given frequency.

40. The method of claim 39 wherein said different fre-
quency 1s suiliciently lower than said given frequency so as
to be present throughout said antenna arrangement.

41. The method of claim 24 wherein said high frequency
current 1s produced responsive to an incident electromag-
netic radiation that 1s incident upon the antenna arrangement
as an additional input at a given frequency and said device
1s configured for emitting said lower frequency signal 1nto
the antenna arrangement responsive to the incident electro-
magnetic radiation.

42. The method of claim 39 wherein the incident elec-
tromagnetic radiation 1s modulated and said lower frequency
signal 1s a demodulated signal.

43. The method of claim 41 wherein said device 1s
selected as one of a MIM diode, a MIIM diode, a Schottky
diode, a Josephson junction, and a microbolometer.

44. The method of claim 24 wherein said port serves as an
input port which receives the lower frequency signal for
transter to said device as said mput and an 1ncident electro-
magnetic radiation 1s mcident on said antenna as an addi-
fional mput 1n a way which generates said high frequency
current such that the high frequency current travels through
said device and the device modulates the high frequency
current passing therethrough and back into said to cause a
modulated electromagnetic radiation to be radiated from the
antenna arrangement.

45. The method of claim 44 including the step of selecting
sald device as one of a MIM diode, a MIIM diode, a
Schottky diode, a Josephson junction, and a microbolometer.

46. The method of claim 24 wherein said device 1s an
emitter and wherein said port serves as an iput port which
receives the lower frequency signal for transfer to said
emitter as said input in a way which causes the emitter to
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inject said high frequency current 1nto the antenna arrange-
ment to cause a modulated electromagnetic radiation to be
radiated from the antenna arrangement.

4’7. The method of claim 24 wherein an input electromag-
netic radiation 1s i1ncident upon the antenna arrangement
having at least a first frequency and a second frequency to
produce said high frequency current 1n the antenna arrange-
ment including the first frequency and the second frequency
and said device 1s a mixer which receives the high frequency
current to produce said lower frequency signal as a differ-
ence frequency between the first frequency and the second
frequency for transfer to the port.

48. An assembly, comprising;:

a device configured for receiving at least one input to
produce an output responsive thereto;

an antenna arrangement for supporting said device to
transfer said mput to the device and further to transfer
said output from said device such that the antenna
arrangement supports a selected one of the mput and
the output as a high frequency current and said antenna
arrangement 1ncludes a peripheral configuration which
coniines said high frequency current to at least one
dominant path within the antenna arrangement and the
other one of the input and the output 1s a lower
frequency signal that 1s present at least generally
throughout the antenna arrangement; and

at least one port, within said antenna arrangement, at a
location selected such that the high frequency current
travels past the port 1n at least one direction that 1s away
from said device, and which port 1s positioned suifli-
ciently away from said dominant path so as to 1solate
the lower frequency signal at the port from said high
frequency current 1n said dominant path.
49. In producing an assembly, a method comprising the
steps of:

providing a device for receiving at least one input to
produce an output responsive thereto;

conflguring an antenna arrangement for supporting said
device to transfer said input to the device and further to
transfer said output from said device such that the
antenna arrangement supports a selected one of the
input and the output as a high frequency current and
said antenna arrangement includes a peripheral con-
figuration which confines said high frequency current
to at least one dominant path within the antenna
arrangement and the other one of the iput and the
output 1s a lower frequency signal that 1s present at least
generally throughout the antenna arrangement; and

arranging at least one port, within said antenna
arrangement, at a location selected such that the high
frequency current travels past the port 1n at least one
direction that 1s away from said device, and which port
1s positioned sufficiently away from said dominant path
s0 as to 1solate the lower frequency signal at the port
from said high frequency current in said dominant path.

50. An assembly, comprising;:

a device configured for receiving at least one input to
produce an output responsive thereto;

an antenna arrangement for supporting said device to
transfer said mput to the device and further to transfer
said output from said device such that the antenna
arrangement supports a selected one of the mput and
the output as a high frequency current and said antenna
arrangement 1ncludes a peripheral configuration which
confines said high frequency current to at least one
resonant path within the antenna arrangement so that
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the high frequency current oscillates 1n the resonant
path between a pair of opposing first and second
reflector configurations that are formed as part of the
peripheral outline and so that the other one of the 1input
and the output 1s a lower frequency signal that 1s
present at least generally throughout the antenna
arrangement; and

at least one port, within said antenna arrangement, posi-
tioned sutficiently away from each one of said first and
second reflector configurations so as to sustain reflec-
tion of said surface current in said resonant path while
conducting said lower frequency signal.

51. The assembly of claim 50 wherein said antenna
arrangement mcludes the first reflector configuration to one
side of said device and the second reflector configuration on
an opposite side of said device such that the device i1s
between the pair of reflector configurations and 1n said
resonant path.

52. The assembly of claim 50 including a first and a
second electrically conductive surface which are at least
ogenerally planar and form opposing first and second bow
arms, respectively, to cooperatively define said peripheral
outline at least generally shaped as a bowtie and each of said
bow arms includes an outermost edge, farthest from said
device, serving 1n part as one of said pair of reflector
conflgurations.

53. The assembly of claim 52 wherein each outermost
edge 1ncludes a width and said output 1s taken from at least
one said outermost edge using less than said width.

54. The assembly of claim 53 wherein each said outer-
most edge defines said reflector configuration as a first and
a second reflecting end segment thereof and said port 1s
positioned on at least one of said outermost edges between
the first and second reflecting end segments.

55. The assembly of claim 54 wherein said outermost
edge 1ncludes an inset configuration such that the port is
inset toward said device with respect to a straight line
defined between said first and second end segments.

56. The assembly of claim 54 wherein said port 1s located
at least approximately midway between said first and second
reflecting end segments.

57. The assembly of claim 53 wherein each of the first and
seccond bow arms includes a length extending from said
outermost edge to an inner end, proximate to said device,
such that each of the first and second bow arms includes a
first side margin and an opposing, second side margin, each
side margin extending from the outermost edge of one of the
bow arms to its inner end and said first and second bow arms
cooperate to define a first resonant path extending from the
outermost edge of the first bow arm to the outermost edge of
the second bow arm adjacent to the first side margin of each
of the first and second bow arms and extending through said
device, and defining an opposing, second resonant path
extending from the outermost edge of the first bow arm to
the outermost edge of the second bow arm adjacent to the
second side margin of each of the first and second bow arms
and extending through said device.

58. The assembly of claim §7 wherein the first and second
clectrically conductive surfaces each include first and sec-
ond confronting portions thereof which are arranged 1n a
confronting relationship and said device i1s positioned
between said first and second confronting portions.

59. The assembly of claim 38 wherein each said outer-
most edge defines said reflector configuration as a first and
a second reflecting end segment thereof and a first port 1s
positioned on a first one of said outermost edges of a first one
of the bow arms between 1ts first and second end segments.
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60. The assembly of claam 59 wherein a second port 1s
positioned on a second one of said outermost edges of a
second one of the bow arms between 1its first and second end
segments.

61. The assembly of claim 50 wherein said high frequency
current 1s produced responsive to an electromagnetic radia-
fion that 1s incident upon the antenna arrangement as an
additional 1nput at a given frequency and said device i1s
configured for emitting said lower frequency signal 1nto the
antenna arrangement at a different frequency responsive to
the 1ncident electromagnetic radiation.

62. The assembly of claim 57 wherem the incident
clectromagnetic radiation 1s modulated and said lower fre-
quency signal 1s a demodulated signal.

63. The assembly of claim 61 wherein said device 1s
selected as one of a MIM diode, a MIIM diode, a Schottky
diode, a Josephson junction, and a microbolometer.

64. The assembly of claim 50 wherein said port serves as
a mput port which receives the lower frequency signal for
transier to said device as said input and an incident electro-
magnetic radiation 1s mcident on said antenna as an addi-
tional 1nput 1n a way which generates said high frequency
current such that the high frequency current travels through
said device and the device modulates the high frequency
current passing therethrough and back into the antenna
arrangement to cause a modulated electromagnetic radiation
to be radiated from the antenna arrangement.

65. The assembly of claim 64 wherein said device 1s
selected as one of a MIM diode, a MIIM diode, a Schottky
diode, a Josephson junction, and a microbolometer.

66. The assembly of claim 50 wherein said device 1s an
emitter and wherein said port serves as an input port which
receives the lower frequency signal for transfer to said
emitter as said input in a way which causes the emitter to
inject said high frequency current 1nto the antenna arrange-
ment to cause electromagnetic radiation to be radiated from
the antenna arrangement.

67. The assembly of claim S0 wherein an nput electro-
magnetic radiation 1s 1ncident upon the antenna arrangement
having at least a first frequency and a second frequency to
produce said high frequency current in the antenna arrange-
ment 1including the first frequency and the second frequency
and said device 1s a mixer which receives the high frequency
current to produce said lower frequency signal as a differ-
ence frequency between the first frequency and the second
frequency for transfer to the port.

68. In producing an assembly, a method comprising the
steps of:

providing a device configured for receiving at least one
input to produce an output responsive thereto;

configuring an antenna arrangement for supporting said
device to transfer said input to the device and further to
transfer said output from said device such that the
antenna arrangement supports a selected one of the
input and the output as a high frequency current and
said antenna arrangement includes a peripheral con-
figuration which confines said high frequency current
to at least one resonant path within the antenna arrange-
ment so that the high frequency current oscillates 1n the
resonant path between a pair of opposing first and
second reflector configurations that are formed as part
of the peripheral outline and so that the other one of the
input and the output 1s a lower frequency signal that 1s
present at least generally throughout the antenna
arrangement; and

positioning at least one port, within said antenna
arrangement, sufficiently away from each one of said
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first and second reflector configurations so as to sustain
reflection of said surface current in said resonant path
while conducting said lower frequency signal.

69. The method of claim 68 including the step of arrang-
ing the first reflector configurations to one side of said device
and the other one of said second reflector configurations on
an opposite side of said device such that the device i1s
between the pair of reflector configurations along said

resonant path.
70. The method of claim 68 wherein said antenna 1s

arranged to include a first and a second electrically conduc-
five surface which are at least generally planar and form
opposing first and second bow arms, respectively, to coop-
eratively define said peripheral outline at least generally
shaped as a bowtie and each of said bow arms includes an
outermost edge, farthest from said device, serving 1n part as
one of said pair of reflector configurations.

71. The method of claim 70 wherein each outermost edge
1s configured including a width and said method includes the
step of taking said output from at least one said outermost
cdge using less than said width.

72. The method of claam 71 including the steps of
coniiguring each said outermost edge to define said reflector
confliguration as a first and a second reflecting end segment
therecof and positioning the port on at least one of said
outermost edges between the first and second reflecting end
segments.

73. The method of claim 72 wherein said outermost edge
1s further configured including an inset configuration such
that the port 1s 1nset toward said device with respect to a
straight line defined between said first and second end
segments.

74. The method of claim 72 including the step of locating
said port at least approximately midway between said first
and second reflecting end segments.

75. The method of claim 71 wherein each of the first and
second bow arms 1s arranged to include a length extending
from said outermost edge to an inner end, proximate to said
device, such that each of the first and second bow arms
includes a first side margin and an opposing, second side
margin, each side margin extending from the outermost edge
of one of the bow arms to its mner end and said first and
second bow arms cooperate to define a first resonant path
extending from the outermost edge of the first bow arm to
the outermost edge of the second bow arm adjacent to the
first side margin of each of the first and second bow arms and
extending through said device, and defining an opposing,
second resonant path extending from the outermost edge of
the first bow arm to the outermost edge of the second bow
arm adjacent to the second side margin of each of the first
and second bow arms and extending through said device.

76. The method of claiam 75 including the steps of
configuring the first and second electrically conductive
surfaces to each include first and second confronting por-
tions thereof which are arranged 1n a confronting relation-
ship and positioning said device between said first and
second confronting portions.

77. The method of claim 76 wherein each said outermost
edge 1s formed to define said reflector configuration as a first
and a second reflecting end segment thereof and positioning
a first port on a first one of said outermost edges of a {irst one
of the bow arms between the first and second end segments.

78. The method of claim 77 including the step of further
positioning a second port on a second one of said outermost
edges of a second one of the bow arms between its first and
second end segments.

79. The method of claim 68 wherein said high frequency
current 1s produced responsive to an incident electromag-
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netic radiation that 1s incident upon the antenna arrangement
as an additional 1nput at a given frequency and said device
1s configured for emitting said lower frequency signal into
the antenna arrangement responsive to the mcident electro-
magnetic radiation.

80. The method of claim 73 wherein the incident elec-
tromagnetic radiation 1s modulated and said lower frequency
signal 1s a demodulated signal.

81. The method of claim 79 wherein said device 1s
selected as one of a MIM diode, a MIIM diode, a Schottky

diode, a Josephson junction, and a microbolometer.

82. The method of claim 68 wherein said port serves as an
input port which receives the lower frequency signal for
transier to said device as said input and an incident electro-
magnetic radiation 1s mcident on said antenna as an addi-
fional 1nput 1n a way which generates said high frequency
current such that the high frequency current travels through
said device and the device modulates the high frequency
current passing therethrough and back into the antenna
arrangement to cause a modulated electromagnetic radiation
to be radiated from the antenna arrangement.

83. The method of claim 82 including the step of selecting,
sald device as one of a MIM diode, a MIIM diode, a
Schottky diode, a Josephson junction, and a microbolometer.

84. The method of claim 68 wherein said device 1s an
emitter and wherein said port serves as an iput port which
receives the lower frequency signal for transfer to said
emitter as said input in a way which causes the emitter to
inject said high frequency current 1nto the antenna arrange-
ment to cause electromagnetic radiation to be radiated from
the antenna arrangement.

85. The method of claim 68 wherein an input electromag-
netic radiation 1s i1ncident upon the antenna arrangement
having at least a first frequency and a second frequency to
produce said high frequency current 1n the antenna arrange-
ment 1including the first frequency and the second frequency
and said device 1s a mixer which receives the high frequency
current to produce said lower frequency signal as a ditfer-
ence frequency between the first frequency and the second
frequency for transfer to the port.

86. An assembly, comprising;:

a device configured for receiving at least one input to
produce an output responsive thereto;

an antenna arrangement including a bowtie peripheral
conflguration defining a bowtie intersection for sup-
porting said device at the bowtie 1ntersection to transier
said 1nput to the device and further to transfer said
output from said device such that the antenna arrange-
ment supports a selected one of the 1nput and the output
as a high frequency current and said bowtie peripheral
conilguration confines said high frequency current to at
least one dominant path within the antenna arrange-
ment so that the high frequency current oscillates in the
dominant path traveling through said bowtie 1ntersec-
tion and so that the other one of the input and the output
1s a lower frequency signal that 1s present at least
generally throughout the antenna arrangement; and

at least one port, within the antenna arrangement, posi-
tioned spaced apart from said bowtie intersection and
sufficiently away from said dominant path so as to
1solate the lower frequency signal at the port from said
high frequency current 1n said dominant path.
87. In producing an assembly, a method comprising the
steps of:

providing a device configured for receiving at least one
input to produce an output responsive thereto;

configuring an antenna arrangement to include a bowtie
peripheral configuration defining a bowtie intersection
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for supporting said device at the bowtie intersection to
transfer said mput to the device and further to transfer
said output from said device such that the antenna
arrangement supports a selected one of the mput and
the output as a high frequency current and said bowtie
peripheral configuration confines said high frequency
current to at least one dominant path within the antenna
arrangement so that the high frequency current oscil-
lates 1n the dominant path traveling through said bowtie
intersection and so that the other one of the input and
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the output 1s a lower frequency signal that 1s present at
least generally throughout the antenna arrangement;
and

positioning at least one port, within the antenna

arrangement, spaced apart from said bowtie intersec-
tion and sufficiently away from said dominant path so
as to 1solate the lower frequency signal at the port from

said high frequency current in said dominant path.
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